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INVESTIGATION OF STERILIZATION 
ABSTRACT 
. 
OF SECONDARY BATTERIES 
This  i s  the  f i n a l  r e p o r t  of an 8-month s tudy t o  develop a 
nickel-cadmium c e l l  that: can  be thermally s t e r i l i z e d  a t  145OC, and 
y i e l d  a powel? d e n s i t y  and cycle  l i f e  approaching t h a t  of present  
s t a t e - o f - t h e - a r t  nickel-cadmium cells. A number of e x i s t i n g  
s e p a r a t o r  systems are evaluated;  t he  more s t e r i l i z a t i o n  r e s i s t a n t  
types  being incorpora ted  i n t o  c e l l s .  Two asbes tos  and one 
polypropylene sepa ra to r  systems appears  t he  m o s t  promisingjr .Tests  
i n d i c a t e  t h a t  t he  n i c k e l  p l a t e  c o n t r i b u t e s  t o  the  capac i ty  loss 
whi le  the  nega t ive  p l a t e  l i m i t s  t he  overcharge c a p a b i l i t y  fol lowing 
thermal  s t e r i l i z a t i o n .  X-ray spec t rographs  of the n i c k e l - p l a t e  
be fo re  and a f t e r  s t e r i l i z a t i o n  are shown. 
* 
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This  r e p o r t  covers  an e ight  month s tudy  t o  develop a 
nickel-cadmium c e l l  which when sub jec t ed  t o  a thermal  s t e r i l i z a t i o n  
procedure a t  145OC w i l l  g ive  a power d e n s i t y  and c y c l e  l i f e  approach- 
ing t h a t  of t h e  p re sen t  - s ta te -of  - t h e - a r t  nickel-cadmium c e l l .  This  
i n v e s t i g a t i o n  w a s  undertaken p r i n c i p a l l y  t o  provide a thermally 
s t e r i l i z a b l e  secondary c e l l  for  s e r v i c e  on long l i f e  p l ane ta ry  
landers .  Although a g r e a t  dea l  of e f f o r t  w a s  being expended t o  
develop a h igh  energy d e n s i t y  c e l l  of t h e  primary type ,  ve ry  l i t t l e  
w a s  being done t o  provide a secondary type  c e l l .  
and commercially a v a i l a b l e  m a t e r i a l s  were employed f o r  a l l  t e s t i n g  
t o  a s c e r t a i n  t h e  p re sen t  c a p a b i l i t y  of t h e  nickel-cadmium ce l l .  
Standard components 
The f i r s t  phase of t h i s  i n v e s t i g a t i o n  w a s  t o  eva lua te  e x i s t i n g  
s e p a r a t o r  mater ia ls .  The procedure w a s  t o  s u b j e c t  t h e  t e s t  p ieces  t o  
t h e  environment t h a t  t h e  ce l l s  would be r equ i r ed  t o  experience.  
The second phase w a s  t o  i nco rpora t e  t h e  more promising s e p a r a t o r s  
i n t o  cel ls .  A f t e r  t h e  c e l l  c h a r a c t e r i s t i c s  had been determined, they  
were subjec ted  t o  S t e r i l i z a t i o n  as g iven  by t h e  T e s t  Approval procedure.  
The t h i r d  p h a s e , i s  concerned wi th  a d e t a i l e d  eva lua t ion  of t h e  
e f f e c t s  t h a t  t h e  s t e r i l i z a t i o n  has  on i n d i v i d u a l  components when 
incorpora ted  i n t o  ce l l s .  
F i n a l l y ,  b a t t e r i e s  f ab r i ca t ed  w i t h  s u i t a b l e  s t e r i l i z a b l e  materials 
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Se para t c 
The f i r s t  p a r t  of t h i s  program w a s  concerned wi th  screening  var ious  
m a t e r i a l s  t o  be employed as sepa ra to r s  i n  nickel-cadmium cells. Below 
is a d e s c r i p t i o n  of t he  t e s t  methods employed and the  r e s u l t s  t h a t  were 
observed. \ 
Experimental  Methods - The sepa ra to r  t e s t  employed was designed t o  de- 
termine the  e f f e c t  of t he  e leva ted  temperature on the  var ious  samples. , 
The Tes t  Approval Procedure s p e c i f i e s  t h a t  t h e  components w i l l  be heated 
t o  145OC while  immersed i n  a s o l u t i o n  of potassium hydroxide and w i l l  be 
maintained a t  t h i s  temperature for  36 hours i n  a s e a l e d  conta iner .  Three 
,such' exposures are r equ i r ed .  Pr ior  t o  each exposure,  one hour is allowed 
f o r  temperature s t a b i l i z a t i o n .  The t o t a l  time w a s  111 hours.  
The p a r t i c u l a r  test  t h a t  was employed f o r  t he  s e p a r a t o r s  w a s  as f o l -  
I n  a d d i t i o n ,  t he  d i r e c t i o n  i n  which 
lows. The sample i n  ques t ion  was cu t .  The l eng th  and width were measa 
ured  t o  the  n e a r e s t  1/64 of an inch. 
t he  s e p a r a t o r  was wound w a s  noted. For the  purposes of c l a r i t y ,  t he  
des igna t ion  " d i r e c t i o n  of r o l l "  is the  d i r e c t i o n  perpendicular  t o  the  
axis of the  mandrel on which the  sepa ra to r  w a s  r o l l e d .  
The th ickness  w a s  measured a t  random l o c a t i o n s  along the  sample w i t h  
a S t a r r e t  micrometer and read t o  the  n e a r e s t  0.0001 inch.  The f i r s t  
c l i c k  of t he  r a t c h e t  w a s  used as t h e  s top .  F i n a l l y ,  each s e p a r a t o r  w a s  
weighed on an  a n a l y t i c a l  balance.  
The p res su re  v e s s e l  cons is ted  of a can, cover ,  and a gasket .  The 
can w a s  f ab r sca t ed  from 304L s t a i n l e s s  s t e e l .  The i n t e r i o r  of t he  can 
w a s  pas s iva t ed  wi th  a d i l u t e  n i t r i c  a c i d  s o l u t i o n .  A f l ange ,  made a l s o  
of 304L s t a i n l e s s  s teel ,  w a s  welded t o  the  top l i p  of t he  can. The out- 
s i d e  per iphery of t he  f lange  was d r i l l e d  and tapped. The cover w a s  of 
1/8 inch cold r o l l e d  s t e e l  p l a t e .  Holes were l i n e  bored wi th  those i n  
t h e  f lange .  The gaske t  w a s  a shee t  of Teflon 20 m i l s  t h i ck .  The f i l m  
was .  l a i d  on the  f l ange  and s e a l i n g  w a s  accomplished when the  cover w a s  
b o l t e d  secure ly .  The Teflon f i lm w a s  continuous,  and consequently,  t h e  
cover w a s  p ro t ec t ed  from the  c e l l  atmosphere. 
The s e p a r a t o r  w a s  then placed i n  the  can. A 5 m i l  Tef lon s h e e t  
w a s  placed between the  i n t e r i o r  of the  can and the  sepa ra to r .  Su f f i -  
c i e n t  34% potassium hydroxide was added t o  submerge the  sample. The 
can  was then s e a l e d  and p laced  i n  the  oven which w a s  maintained a t  145OC. 
A f t e r  a minimum of 111 hours,  t h e  v e s s e l s  were taken o u t  of t he  oven. 
The v e s s e l s  were opened. The separa tors  were removed and washed f r e e  
of potassium hydroxide. 
1 
A f t e r  d ry ing ,  t h e  sample was measured and reweighed. Visua l  
changes were noted,  and an estimate was made of t he  mechanical s t r e n g t h .  
These d a t a  are t abu la t ed  i n  Table 11. 
are l i s t e d  i n  Table I. 
The s u p p l i e r s  of a l l  t h e  samples 
T e s t  Resu l t s  From t h e  F i r s t  S t e r i l i z a t i o n  - The r e s u l t s  of t h e  f i r s t  
s t e r i l i z a t i o n  are g iven  below. 
a .  
wid th  w a s  observed. However, t h e r e  w a s  a l a r g e  decrease  i n  
s e p a r a t o r  weight  and th ickness .  
coLor and more b r i t t l e  a f t e r  the t e s t ,  
Asbestos Clo th  Type 7410 - Very l i t t l e  change i n  length  o r  
The mater ia l  w a s  l i g h t e r  i n  
This  a sbes tos  c l o t h  was a l s o  eva lua ted  w i t h  45% potassium 
hydroxide.  The same type of r e s u l t s  were-obta ined  as i n  34% KOH. 
b. Polypropylene SM91 - There was cons ide rab le  shr inkage 
i n  both t h e  length  and width. 
There was, however, a la rge  i n c r e a s e  i n  th i ckness .  No v i s u a l  
change w a s  apparent .  
The change i n  weight w a s  n e g l i g i b l e .  
c. Polypropylene EM476 - There w a s  cons ide rab le  shr inkage i n  
both  l eng th  and width.  
However, a l a rge  inc rease  i n  th i ckness  w a s  ev iden t .  No v i s u a l  
change was no t i ced  i n  co lo r  o r  cons is tency .  
There w a s  a n o t i c e a b l e  weight change. 
d. Polypropylene - Nylon SM124.3 - A s  i n  t h e  case of t he  above 
polypropylene s e p a r a t o r s ,  t h e r e  w a s  a s i g n i f i c a n t  degree  of 
shr inkage  i n  both the  length and wid th  of t he  material .  A 
l a rge  weight change w a s  observed. The th i ckness  showed a 
t y p i c a l l y  l a r g e  decrease.  When t h e  s e p a r a t o r  w a s  removed from 
t h e  can ,  and r i n s e d  wi th  water, a milky subs tance  w a s  leached- 
out  of t h e  sepa ra to r .  
e. *Nan-woven Nylon 2505ML - The material d i s i n t e g r a t e d  i n  t h e  
e l e c t r o l y t e .  
f .  Asbestos Paper - This material d i s i n t e g r a t e d  i n  the e l e c t r o l y t e  
t o  pulp.  
g. 
"paper" composed of r e f r a c t o r y  aluminum oxide and a binder .  
Af t e r  t rea tment ,  t he  m a t e r i a l  w a s  reduced t o  a pulp  i n  the  
e l e c  tr o ly  t e. 
Aluminum Oxide Paper 970AH - This  sample w a s  a f e l t e d  
h.  
def iosi ted on a f i b e r g l a s s  base.  A f t e r  exposure t o  t h e  h e a t  
s t e r i l i z a t i o n  tes t ,  there  w a s  cons ide rab le  shr inkage  i n  both 
d i r e c t i o n s .  There w a s  a l s o  a l a r g e  decrease  i n  weight and 
th ickness .  With t h e  very t h i n  s e p a r a t o r  t h a t  r e s u l t e d ,  there 
w a s  no f u r t h e r  i n t e r e s t  i n  t h i s  material. It  should be noted 
t h a t  a f t e r  t h e  t es t ,  the f i l t e r  paper w a s  s t i l l  cont inuous 
and p l i a b l e .  
S p e c i a l  F i l t e r  Paper - This  sample w a s  composed bf Teflon 
2 
i. , 
i. Fuel  C e l l  Asbestos Board (10 m i l )  - A sample of 10 m i l  f u e l  
c e l l  a sbes tos  board w a s  rece ived  from Johns Manville and sub jec t ed  
t o  t h e  s t e r i l i a a t i o n  rou t ine  according t o  t h e  procedure desc r ibed  
above. The sample d e t e r i o r a t e d  t o  a pulpy mass, making e x t r a c t i o n  
from the  p re s su re  vessel d i f f i c u l t .  The c o l o r  of t he  mater ia l  
w a s  unchanged and the  asbes tos  f i b e r s  appeared t o  be i n t a c t .  
j .  Fue l  Cel l  Asbestos Board (15 m i l )  - A sample of 15 m i l  f u e l  
c e l l  a sbes tos  board w a s  a l s o  rece ived  from Johns Manvil le  and 
sub jec t ed  t o  t h e  h e a t  s t e r i l i z a t i o n  r o u t i n e  as above. 
also d e t e r i o r a t e d  t o  a pulpy m a s s .  The e x t e n t  of the  l o s s  of phys i ca l  
i n t e g r i t y  w a s  n e a r l y  t h a t  of t h e  10 m i l  board. A s  wi th  t h e  
prev ious  m a t e r i a l ,  t h e  co lo r  d id  n o t  chang-e. 
This  sample 
k.. High Temperature Nylon - Samples of a h igh  temperature  nylon 
( t r a d e  name NOMEX) w a s  received from DuPont. A sample  of t h i s  
material ,  type 25062, was sub jec t ed  t o  t h e  s t e r i l i z a t i o n  r o u t i n e .  
The material  d i s i n t e g r a t e d  completely.  No a t tempt  w a s  made t o  
t es t  s i m i l a r  samples with t h e  same base composition. 
1. Pure Asbestos - Two a sbes tos  materials were rece ived  from 
t h e  Raybestos Corporation. These materials, des igna ted  as  7301 
and 7401, are pure asbes tos  c l o t h s .  The type  7401 con ta ins  a 
s m a l l  percentage of binder.  The type  7301 is  a py ro l i zed  ve r s ion  
of 7401. 
Both samples w e r e  subjec ted  t o  t h e  h e a t  s t e r i l i z a t i o n  r o u t i n e .  
The r e s u l t s ,  shown in  Table I1 i n d i c a t e  t h a t  t he  o v e r a l l  sh r ink -  
age w a s  s l i g h t .  The type 7301 a sbes tos  showed smaller dimensional  
and weight changes than  t h e  type 7401 except  f o r  th ickness .  The 
d i f f e r e n c e  i n  r e s u l t s  i s  n o t  very  l a rge .  
T e s t  Resu l t s  from t h e  Second S t e r i l i z a t i o n  - The resu l t s  of t h e  second 
s t e r i l i z s t i o n  are g iven  below. 
a. Polypropylene and Polypropylene-Nylon Separa tors  - S e v e r a l  
s e p a r a t o r s  no tab ly  the polypropylene and polypropylene-nylon 
show cons ide rab le  shr inkage i n  length.  This  means t h a t  they 
should n o t  be employed fo r  wrapping ce l l s ,  s i n c e  t h e  r e s u l t i n g  
change i n  length  would cause t h e  s e p a r a t o r s  t o  tear o r  produce 
weak areas. I n  o rde r  t o  determine i f  t h e  s t e r i l i z a t i o n  w a s  
merely al lowing t h e s e  se$ara tors  t o  a t t a i n  a s t a b l e  s t a t e ,  a 
second h e a t  s t e r i l i z a t i o n  w a s  conducted. The r e s u l t s  which are 
shown i n  Table  111 i n d i c a t e  t h a t  f u r t h e r  changes are s u f f i c i e n t l y  
s m a l l  so  t h a t  they could be employed t o  wrap ce l l s .  
The f i r s t  h e a t  s t e r i l i z a t i o n  w i l l  then  be employed as a 
pre- t rea tment .  A f t e r  wrapping, t h e  second s t e r i l i a a t i o n  would 




b .  
conducted on the  7301 and 7401 a sbes tos .  The r e s u l t s  shown 
i n  Table I V  , i l l u s t r a t e  t h a t  the  changes dur ing  the  second ster- 
i l i z a t i o n  are less than  t h e  f i r s t  s t e r i l i z a t i o n .  Therefore ,  
w e  aga in  can employ t h e  f i r s t  s t e r i l i z a t i o n  as a pre- t reatment  
f o r  the  a sbes tos  s e p a r a t o r .  I n  a d d i t i o n  t o  t h i s  type,7301 
shows less dimensional changes. Consequently, i t  w a s  chosen 
f o r  f u t u r e  eva lua t ion . .  \ 




The more promising ma te r i a l s  were incorpora ted  i n t o  ce l l s  t o  
determine what type of opera t ion  would r e s u l t .  
Cells With t h e  Washed Asbestos Sepa ra to r  - 
i 7410 asbes tos  c l o t h  sepa ra to r  con ta ins  a h igh  percentage of f i b e r g l a s s .  
To e l i m i n a t e  t h e  impuri ty ,  the s e p a r a t o r  w a s  soaked i n  a 34% potassium I 
It w a s  noted t h a t  t h e  type 
hydroxide s o l u t i o n  f o r  f i v e  days and then  r i n s e d  and d r i e d .  ! 
Five  ce l l  packs were wrapped w i t h  t h e  washed 'separator .  
a rd  VO-6HS components having the  two i s o l a t e d  te rmina ls  w e r e  u t i l i z e d .  
Before i n s e r t i n g  t h e  pack i n t o  t h e  can ,  i t  w a s  surrounded w i t h  an 
i n s u l a t i n g  envelope made from 5 m i l  Tef lon  s h e e t .  This  assembly w a s  
placed i n t o  t h e  can  and h e l i a r c  welded. It w a s  then  leak  t e s t e d  
on t h e  Veeco m a s s  spectrometer .  
The s tand-  
I n  a d d i t i o n ,  two c o n t r o l  cel ls  w e r e  f a b r i c a t e d  i n  t h e  i d e n t i c a l  
manner except  t h a t  t he  s tandard non-woven nylon s e p a r a t o r  w a s  
employed t o  wrap t h e  e l ec t rode  packs. 
The ce l l s  were f i l l e d  with a r e s t r i c t e d  q u a n t i t y  of e l e c t r o l y t e ,  
34% potassium hydroxide.  Af te r  a formation charge of C/10, 600ma, 
f o r  16 hours ,  they  were discharged a t  C/2 (3.0 amperes) t o  1.0 v o l t .  
The ce l l s  w i t h  t h e  a sbes tos  sepa ra to r  gave s l i g h t l y  lower c a p a c i t i e s ,  
average of 5.90 AH. Af t e r  charging and d i scha rg ing  aga in  i n  t h e  
same manner wi thout  equa l i za t ion ,  t h e  c a p a c i t i e s  of t h e  ce l l s  w i t h  t h e  
a sbes tos  s e p a r a t o r  and those  wi th  t h e  s t anda rd  s e p a r a t o r  decreased. 
The low end of charge pressures ,  average of 5.8 p s i a ,  i nd ica t ed  t h a t  
an  i n s u f f i c i e n t  q u a n t i t y  of e l e c t r o l y t e  w a s  a v a i l a b l e .  The volume 
of 34% potassium hydroxide was r a i s e d  t o  15.5 cc i n  a l l  cel ls .  
C/10 charge f o r  16 hours  followed by a C / 2  d i scha rge  showed t h a t  t h e  
c a p a c i t i e s  w e r e  aga in  lower. 
A 
A l l  ce l ls  w e r e  equal ized w i t h  one ohm r e s i s t o r s  and a s i m i l a r  
manual charge and d ischarge  was conducted. 
w i t h  t h e  s tandard  s e p a r a t o r  rose  20% whi l e  t h e  capac i ty  of t h e  ce l l s  
w i t h  t h e  a sbes tos  s e p a r a t o r  dropped 50%. On t h e  d ischarge  the  can 
w a s  employed as an i n d i c a t i n g  e l e c t r o d e .  
The capac i ty  of t he  cells  
The e l e c t r o d e  t h a t  exhausted 
: f i r s t  and l imi t ed  t h e  capacities w a s  t h e  nega t ive .  
The cells  w i t h  t h e  asbes tos  s e p a r a t o r  w e r e  given a vented ,  s a t u r a t i o n  
charge t o  a s c e r t a i n  i f  t h e  c a p a c i t i e s  could be reclaimed. The subsequent 
' ' discharge  gave very  low c a p a c i t i e s .  Obviously t h e  type 7410 
asbes tos  s e p a r a t o r  i s  unsu i t ab le  f o r  u se  i n  t h e s e  ce l l s ,  and a l l  work 
w i t h  t h i s  mater ia l  w a s  discont inued.  
Cel ls  With Polypropylene and Polypropylene-Nylon Sepa ra to r s  - Two 
polypropylene and one polypropylene-nylon s e p a r a t o r  were descr ibed  i n  
t h e  previous s e c t i o n .  
w i t h  each group having one of t h e  above h e a t  t r e a t e d  s e p a r a t o r s .  The 
components and methods of assembly were i d e n t i c a l  t o  t h e  cells w i t h  
a sbes tos  sepa ra to r .  
Three groups of f i v e  ce l l s  each were f a b r i c a t e d  
5. 
, 
Sealed nickel-cadmium c e l l s  u s u a l l y  c o n t a i n  1 l a y e r  of 
type  2505 nylon which is  8 m i l s  t h i ck .  
type 476 which i s  4 m i l s  t h i c k  and polypropylene-nylon type 124.3 
which i s  6 m i l s  t h i c k  were t h i n  enough t o  make the  ce l l s  wi th  2 ' l a y e r s  
of s epa ra to r s .  
material ,  7 m i l s ,  s o  t h a t  only one l a y e r  w a s  used. 
For these  cells  polypropylene 
Propylene t y p e  SM91 is  nea r ly  as t h i c k  as t h e  u s u a l  
The f i r s t  charge cons i s t ed  of a vented formation charge followed 
by a d ischarge  a t  CI2. 
hours .  
e l e c t r o l y t e  w a s  a v a i l a b l e .  
as w e l l  as' t he  c a p a c i t i e s  are  shown i n  Table V. 
34% potassium hydroxide w a s  added u n t i l  18cc w a s  reached. 
The second charge was  con4ucted f o r  19.5 
The d ischarge  ind ica t ed  t h a t  a n  i n s u f f i c i e n t  q u a n t i t y  of 
The end of  charge v o l t a g e s  and p res su re  
$ m a l l  increments of 
P r i o r  t o  i n s e r t i o n  i n t o  t h e  s t e r i l i z a t i o n  chamber t h e  cells  
were discharged t o  1.0 vo 
t h e  cel ls  w i t h  t h e  va r iou  
s tandard  cel ls  are a l s o  i 
. Table V I  shows t h e  ,average -capac i ty  of 
s,epara,tor systems. The average c a p a c i t y  , 
To remove t h e  r e s i d u a l  capac i ty ,  one ohm r e s i s t o r s  w e r e  placed 
a c r o s s  the  cells  overn ight .  
t h e  oven f o r  37 hours .  
Three c e l l s  of each group w e r e  placed i n  
The oven temperature  w a s  maintained a t  145 C. 0 
I n  a d d i t i o n  t o  t h e  above c e l l s ,  a "standard" w a s  a l s o  i n s e r t e d  
i n  the  oven. This  cons i s t ed  of a welded c a s e  and cover  assembly t o  
which a pressure  gauge w a s  a t tached .  No components were i n s i d e  t h e  
c e l l ,  b u t  1 5 . 0 ~ ~  of 34% potassium hydroxide w a s  added. The purpose 
of t h i s  device  w a s  t o  observe t h e  p re s su re  i n  the  c e l l ,  due t o  t h e .  
vapor  p re s su re  of t h e  e l e c t r o l y t e .  
The ce l l s  were placed in  the  oven. P e r i o d i c a l l y  dur ing  t h e  t o t a l  
immersion t i m e  of 37 hours ,  t h e  i n d i v i d u a l  p re s su res  were monitored. 
Table V I 1  shows t h e  ind iv idua l  p re s su res  a t  t h e  end of t h e  37 hour 
per iod.  A s  can be seen,  t he re  was no abnormal rise i n  p re s su re  of t h e  
t es t  ce l l s .  
5 hour s ' p r io r  t o  removal from t h e  chamber. 
Maximum pressures  were about 5 p s i  g r e a t e r l a n d  occured about  
A t o t a l  of t h r e e  s t e r i l i z a t i o n  r o u t i n e s  were conducted. Of t h e  
f i v e  ce l l s  t h a t  were f a b r i c a t e d ,  t h e  two n o t  placed i n  t h e  chamber 
were used as c o n t r o l s .  I n  the c a s e  of the  group con ta in ing  t h e  SM124.3 
pnlypropylene-nylon sepa ra to r  where only fou r  cel ls  were a v a i l a b l e ,  
one c e l l  w a s  used as a con t ro l .  P r i o r  t o ,  and a f t e r  each s t e r i l i z a t i o n  
r o u t i n e ,  the cel ls  were charged and discharged i n  series. 
t i m e ,  however, had t o  be reduced t o  16 hours r a t h e r  t han  19.5 hours  
i n  o rde r  t o  keep t h e  pressures  t o l e r a b l e .  To a s c e r t a i n  t h e  e f f e c t  
due t o  the  s t e r i l i z a t i o n ,  the d a t a  given i n  Table V I 1 1  shows t h e  
c a p a c i t i e s  compared t o  t h e  r e spec t ive  c o n t r o l  cells  i n  each group 
which w e r e  no t  placed i n  the  oven. 
The charg ing  
I n  a d d i t i o n  t o  t h e  drop i n  capac i ty ,  t h e  p l a t eau  vo l t ages  
decreased a f t e r  t h e  s t e r i l i z a t i o n  r o u t i n e s .  This  means t h a t  t he  
e f f e c t i v e  i n t e r n a l  r e s i s t a n c e  of t h e  cells had increased .  The f i f t h  
column of Table  V I 1 1  i n d i c a t e s  t h e  drop i n  vo l t age  compared t o  an  
u n s t e r i l i z e d  ce l l .  A s  an i n d i c a t i o n  of t h e  u s e f u l  ou tpu t ,  t he  las t  
column g ives  t h e  a c t u a l  average c a p a c i t i e s  of t h e  cells  t h a t  w e r e  
sub jec t ed  t o  3 c y c l e s  of hea t  s t e r i l i z a t i o n .  It i s  obvious t h a t  t h e  
6 .  
.' 
t h a t  t h e  c a p a c i t i e s  of t he  SM91 and EM476 polypropylene are lower 
than t h e  nominal s ix  ampere-hours. The p res su res  obta ined  i n  t h e  
ce l l s  on charge a f t e r  3 s t e r i l i z a t i o n  c y c l e s ,  w e r e  s l i g h t l y  h ighe r ,  
about 5 p s i ,  t han  obta ined  p r i o r  t o  s t e r i l i z a t i o n .  
I n  a n  a t tempt  t o  determine whether cel ls  can  be  s t e r i l i z e d  i n  the  
f u l l y  charged s t a t e  by maintaining a t r i c k l e  charge whi le  they  are i n  
t h e  oven, f u l l y  charged .cells were placed i n  the oven and t r i c k l e  
charged a t  lO0ma i n i t i a l l y .  The cells  used f o r  t h i s  had a l r eady  been 
thermal ly  cyc led .  They contained t h e  SM124.3, EM476 and SM91 
s e p a r a t o r  systems. The charging. r a t e  w a s  g radua l ly  increased  t o  
250ma and maintained a t  t h i s  ra te  f o r  30 of t h e - 3 7  hours  s t e r i l i z a t i o n  
per iod.  The fol lowing d ischarge  a t  t h e  C/2 rate,(3.O amperes)yielded 
ve ry  l i t t l e  capac i ty .  
Two ce l l s  w i t h  SM124.3 polypropylene shor t ed  and are n o t  included 
i n  t h e  d a t a  i n  Table I X .  Severa l  f a c t s  are ev iden t  from Table  I X .  
F i r s t ,  approximately 4 atmospheres of p re s su re  were developed i n  t h e  
c e l l s .  The p res su re  du r ing  t r i c k l e  charge w a s  t h e  same as t h a t  observed 
on thermal  treatment of these  ce l l s  i n  the discharged cond i t ion .  
Second, t he  c e l l s  were n o t  i n  overcharge according t o  t h e  vo l t ages .  
The ques t ion  of t h e  charge e f f i c i e n c y  of t h e  p o s i t i v e s  and t h e  s e l f -  
d i scha rge  is  n o t  so lved ,  bu t  what i s  c lear  is  t h a t  t h e  nega t ive  
e l e c t r o d e  can  recombine a t  a ra te  corresponding t o  250ma. 
I 
I n  o rde r  t o  determine i f  t h e  c a p a c i t y  w a s  i r r e v e r s i b l y  l o s t ,  t he  
ce l l s  were charged a t  C / 1 0  fo r  16 hours .  A t  t h e  end of charge,  t h e  
v o l t a g e s  were very  high.  These v o l t a g e  va lues  are shown i n  Table  X. 
Because of t h e  h igh  vo l t ages  hydrogen was  formed. On d i scha rge  l o w  
c a p a c i t i e s  were ev ident .  Af te r  a l lowing  t h e  oxygen t o  recombine, t he  
c e l l  atmosphere w a s  evacuated and oxygen a t  50 p s i  w a s  added t o  each 
c e l l  s o  t h a t  t h e  charged capac i ty  of t h e  nega t ive  e l e c t r o d e s  were 
reduced 0.6AH. Two a d d i t i o n a l  charges  and d i scha rges  were conducted 
w i t h  t h e  r e s u l t  t h a t  t h e  c a p a c i t i e s  increased  markedly. The d a t a  are 
shown i n  Table X. The capac i ty  of t h e s e  cel ls  a f t e r  t h e  t h i r d  
d ischarge  i s  h ighe r  t han  t h e  c a p a c i t y  a f t e r  t h e  t h i r d  s t e r i l i z a t i o n  
rou t ine .  While i t  appears  poss ib l e  t o  recover  n e a r l y  a l l  of t h e  capac i ty ,  
' t h e  formation of hydrogen gas i n  t h e  ce l l  r e q u i r e s  ope ra t ion  a t  
h igher  p re s su res .  
f o r  t h i s  ope ra t ion  o r  scavenger e l e c t r o d e s  would have t o  be included.  
A s  a consequence, c e d l s  would have t o  be designed 
The cel ls  e x h i b i t i n g  the h igh  v o l t a g e  were opened and f looded.  
A t h i n  s t r i p  of p o s i t i v e  e l ec t rode  w a s  charged and placed i n  t h e  t o p  
of t h e  ce l l  f o r  use  as a r e fe rence  e l ec t rode .  Upon charging the  
ce l l ,  i t  w a s  found t h a t  t h e  high ce l l  v o l t a g e s  could be a s s o c i a t e d '  
... 
, 
An x-ray d i f f r a c t i o n  p a t t e r n  w a s  taken of p o s i t i v e  p l a t e s  p r i o r  
t o  s t e r i l i z a t i o n  i n  a c e l l  and of o t h e r  p l a t e s  a f t e r  s t e r i l i z a t i o n  
while  be ing  t r i c k l e  charged. The p a t t e r n s  d id  n o t  permit conclus ive  
information.  F igure  1 shows the  u n s t e r i l i z e d  e l e c t r o d e  x-ray p a t t e r n  
whi le  F igure  2 shows t h e  s t e r i l i z e d  e l e c t r o d e .  I n  each case the  
sample w a s  scanned from 10' - 80' a t  a c h a r t  speed of 2' per  minute.  
Cells With the  Type 7301 Asbestos Separa tor  - The f i r s t  tes ts  were 
made w i t h  f i v e  p l a t e  cel ls  t o  d e t e r n i n e  if good c a p a c i t i e s  could  be 
obta ined .  This c e l l  cons is ted  of two p o s i t i v e  e l e c t r o d e s  and t h r e e  
nega t ive  e l e c t r o d e s .  A normal VO-6HS has t e n  nega t ive  e l e c t r o d e s  and 
nine p o s i t i v e  e l e c t r o d e s .  Two l a y e r s  of p r e - s t e r i l i z e d  type 7301 as- 
bes to s  w a s  p laced  between each pos it ive and nega t ive  e l e c t r o d e .  Pres- 
s u r e  was maintained on the  pack w i t h  l u c i t e  p re s su re  j a c k e t s  and the  
e n t i r e  assembly flooded in  34% potassium hydroxide.  Nine charges and 
d ischarges  were conducted. The expected capac i ty  from t h e s e  c e l l s  w a s  
1.65 AH. 
a c i t i e s  were obta ined .  I n  add i t ion ,  no degrada t ion  i n  performance w a s  
caused by t h e  a sbes tos .  During the  d ischarge ,  t h e  vo l t ages  were those  
normally encountered i n  nickel-cadmium c e l l s  , i n d i c a t i n g  t h a t  no h igh  
i n t e r n a l  res is tance was observed. 
The d a t a  shown i n  Table X I  i l l u s t r a t e d  t h a t  s a t i s f a c t o r y  cap- 
Sealed c e l l s  were made employing the  7301 s e p a r a t o r .  The s tand-  
The a rd  VO-6HS case, cover assembly and s t a c k  assembly was employed. 
pack w a s  wrapped wi th  two layers  of the  p r e - s t e r i l i z e d  type 7301 sepa- 
r a t o r  and a Tef lon  s h e e t  w a s  employed t o  i n s u l a t e  the  pack from the  can. 
Five c e l l s  were f a b r i c a t e d  in  t h i s  manner. 
A r e s t r i c t e d  q u a n t i t y  of e l e c t r o l y t e ,  12cc,  w a s  added t o  t h e  c e l l s .  
Af t e r  charging and d ischarg ing ,  incremental  increases  of e l e c t r o l y t e  
were added u n t i l  t h e  c o r r e c t  q u a n t i t y  w a s  ob ta ined .  The amount d e t e r -  
mined w a s  18cc.  
I n  gach case  the  c e l l s  were charged a t  C/10 f o r  16 hours followed 
by a 3 . 0  amperes d i scha rge .  When the  capac i ty  became s t a b i l i z e d ,  t h e  
c e l l s  were placed i n  the  oven i n  the  discharged s ta te .  No abnormal rise 
i n  p re s su re  was observed during the  37 hour immersion per iod .  A f t e r  t he  
s t e r i l i z a t i o n ,  the  c e l l s  were charged a t  C/10 f o r  16 hours t h r e e  t i m e s ,  
each followed by a C / 2  discharge .  On the  t h i r d  charge,  h igh  p res su res  
developed i n  two c e l l s .  The h igh  p res su re  was removed and the  charg ing  
rate reduced t o  14 hours .  On t he  subsequent  charge,  t h e  end-of-charge 
vo l t ages  and pressur*es were lower. This  information is  given i n  Table 111. 
The ce l l s  t h a t  were s t e r i l i z e d  l o s t  5% of capac i ty  wh i l e  t h e  con- 
t r o l s  l o s t  3%. The end-of-charge vo l t age  w a s  .higher f o r  t he  c e l l s  t h a t  
were s t e r i l i z e d .  When the  length  of charge t i m e  w a s  dropped t o  1'4 hours ,  
the  c a p a c i t i e s  of the  s t e r i l i z e d  ce l l s  d id  not  drop whi le  t h e r e  was a _ -  
small (3%) drop i n  the  c a p a c i t i e s  of t he  con t r a1  c e l l s .  During the  14 - 
hour charge the  s t e r i l i z e d  c e l l s  showed a lowered end-of-charge v o l t a g e  
8 .  
(though s t i l l  h igher  than the c o n t r o l s )  and ve ry  low p res su re .  
f a c t ,  t h e  p re s su res  were lower than  the  c o n t r o l  c e l l s .  This sug- 
g e s t s  t h a t  t h e r e  is a change i n  ope ra t ing  c h a r a c t e r i s t i c s  of t h e  
p o s i t i v e s ,  which do not  gas u n t i l  l a te  i n  t h e  charge.  I f  t h e  charge 
of t hese  s t e r i l i z e d  c e l l s  is cont inued a f t e r  14 hours ,  t h e  hydrogen 
I n  
’ f r e e  capac i ty  of t h e  negat ive is exceeded, and hydrogen is formed. 
These ce l l s  were s t e r i l i z e d  t h r e e  t i m e s  i n  a discharged s t a t e .  
Af t e r  t h e  khi rd  s t e r i l i z a t i o n ,  they were charged a t  600ma f o r  14 
hours .  High p res su res  and vol tages  were 0bse rved” in  two ce l l s .  This 
is shown i n  Table X I I I .  Subsequent charging a f t e r  t he  removal of the  
c e l l  atmosphere showed no formation of hydrogen. Apparently,  tempo- 
r a r y  p a s s i v a t i o n  of the  negat ive e l e c t r o d e  occurred.  
This problem of s e n s i t i v i t y  of c e l l s  t o  charging time w a s  ev i -  
den t  i n  the  ce l l s  w i t h  the  polypropylene s e p a r a t o r s  as w e l l  as the  
c e l l s  w i t h  t h e  type 7301 asbes tos  s e p a r a t o r .  
s t e r i l i z a t i o n )  charg ing  of the c e l l s  w i t h  t h e  polypropylene s e p a r a t o r s ,  
19.5 hours of charge a t  the C / 1 0  rate could be absorbed. Af t e r  s te r i -  
l i z a t i o n  a maximum of 16 hours could be t o l e r a t e d  wi thout  t h e  genera- 
t i o n  of excess ive  q u a n t i t i e s  of gas .  
During the  e a r l y  (pre-  
I n  the  case of t he  c e l l s  w i t h  the  type 7301 s e p a r a t o r ,  16 hours 
of charge was employed p r i o r  t o  s t e r i l i z a t i o n .  Af t e r  s t e r i l i z a t i o n ,  
t he  maximum t i m e  w a s  14 hours o r  less. 
9. 
CELLS WITH THE INDIVIDUALLY STERILIZED COMPONENTS 
A number of c e l l s  were made w i t h  va r ious  i n d i v i d u a l l y  s t e r i l i z e d  
components. The method of s t e r i l i z i n g  t h e  i n d i v i d u a l  components is 
i d e n t i c a l  t o  the  s e p a r a t o r  sc reening  t e s t .  That is, the  component is 
placed i n  a p res su re  vessel and immersed i n  34% potassium hydroxide.  
Af t e r  s e a l i n g ,  t he  v e s s e l  was p laced  i n  an  oven which was maintained 
a t  145OC f o r  a per iod  o f  112 hours .  The component's were removed from 
the  con ta ine r ,  r i n s e d  f r e e  of e l e c t r o l y t e ,  and d r i e d .  The o u t l i n e  
f o r  t h e  f a b r i c a t i o n  of t he  t e s t  c e l l s  is shown i n  Table XIV.  Each 
group below contained 4 c e l l s  each ,  except  groups 4 and 5 ,  which had 
2 ce l l s  each.  
Group 1. - The c e l l s  i n  t h i s  group con ta in  u n s t e r i l i z e d  p o s i t i v e s ,  
s t e r i l i z e d  negat ives  , and f r e s h  e l e c t r o l y t e .  The s e p a r a t o r  em- 
ployed w a s  the type 7301 a sbes tos  and w a s  p re - t r ea t ed  by s u b j e c t -  
i ng  it t o  the  h e a t  s t e r i l i z a t i o n  r .out ine mentioned i n  t h e  i n i t i a l  
s e c t i o n  of t h e  r e p o r t .  
I n i t i a l l y ,  these  s e a l e d  c e l l s  were charged a t  C/10 f o r  16 hours .  
High p res su res  developed, and on d ischarge  r e s i d u a l  p re s su res  were 
observed as shown i n  Table XV. The c e l l  atmospheres were evacu- 
a t e d .  The subsequent charge w a s  l i m i t e d  t o  13.7 hours w i t h  the  
r e s u l t  t h a t  on discharge t h e  p re s su res  were i n  vacuum. Another 
charge was conducted and a f t e r  t h e  13.7 hour charging per iod  the  
charging rate w a s  reduced i n  increments .  Af t e r  two hours of 
charg ing  a t  C/40 t h e r e  was a rise of 2 pounds gauge (average gauge 
p res su re  4p.s .  i , .g.) i n d i c a t i n g  t h a t  t hese  cells w i l l  no t  accept  
an overcharge.  The negat ive  had c l e a r l y  inf luenced  the  cha rac t e r -  
i s t ics  o f q t h e  c e l l .  The capac i ty  on t h e  subsequent d i scharge  
shows good capac i ty ,  i nd ica t ing  t h a t  t h e  nega t ive  d id  n o t  reduce 
t h e  u s e f u l  capac i ty .  
Group 2 .  - The c e l l s  i n  t h i s  group con ta in  the  s t e r i l i z e d  pos i -  
t ives , t he  u n s t e r i l i z e d  negat ives  and f r e s h  e l e c t r o l y t e .  
On the  i n i t i a l  charge of t he  s e a l e d  c e l l s  a t  t h e  C/10 rate, t h e  
p re s su res  a f t e r  16 hours were normal. On d ischarge  the  capaci-  
t i e s  were low bu t  t he  pressures  dropped i n t o  vacuum. When t h e  
c e l l s  on overcharge were dropped t o  a C/24 ra te  the p re s su res  
decreased.  On d ischarge  t h e  p l a t e a u  vo l t ages  were lowered 2Omv. 
I n  a d d i t i o n ,  the  c a p a c i t i e s  were reduced. 
Group 3. - The c e l l s  i n  t h i s  group c o n t a i n  the  s t e r i l i z e d  pos i -  
t i v e s  and s t e r i l i z e d  negat ives  and f r e s h  e l e c t r o l y t e .  
On the  i n i t i a l  charge of t h e  s e a l e d  ce l l s  a t  t h e  C/10 rate, t h e  
p re s su res  a f t e r  16 hours were low. On d ischarge  the  c a p a c i t i e s  
were very  low (average 3.52 AH). On subsequent charges no h igh  
p res su res  were developed, and low c a p a c i t i e s  were observed. N o  
s a t i s f a c t o r y  exp lana t ion  can be rendered a t  t h i s  po in t .  
10. 
Groups 4 and 5 .  - These two groups were ve ry  s i m i l a r .  They con- 
t a i n e d  u n s t e r i l i z e d  pos i t i ves  and nega t ives .  The d i f f e r e n c e  l a y  
i n  the  f a c t  t h a t  Group 4 contained e l e c t r o l y t e  t h a t  w a s  ob ta ined  
when the  p o s i t i v e s  were s t e r i l i z e d .  Group 5 contained e l e c t r o -  . 
l y t e  which w a s  ob ta ined  when t h e  nega t ives  were s t e r i l i z e d .  A s  
expected,  t h e s e  c e l l s  behaved normally a f t e r  t h e  f i r s t  cyc le  and 
gave a f i n a l  capac i ty  of 6.85AH. 
I 
b 




P o s i t i v e  Elec t rodes  Without Cobalt  Addit ives  
Cells were made w i t h  d i f f e r e n t  p o s i t i v e s .  These p o s i t i v e s  employed 
a very  similar s i n t e r  and d i d  not  con ta in  a n y ' c o b a l t  as do the  s t p d a r d  
p o s i t i v e s  used f o r  the  t e s t i n g  t h a t  has been mentioned. The remaining 
components w e r e  t he '  s t anda rd  VO-6HS equipment. In a l l  these  c e l l s  t h e  
two polypropylene and one polypropylene-nylon s e p a r a t o r s  were t e s t e d  i n  
p a r a l l e l  w i t h  t h e  previous c e l l s  of t h i s  type.  The cel ls  gave equal  o r  
b e t t e r  capac i ty  t o  those  wi th  the  s t anda rd  p o s i t i v e  e l e c t r o d e .  However, 
a f t e r  t h e  f i r s t  36 hour s t e r i l i z a t i o n  r o u t i n e ,  a l a r g e  decrease i n  cap- 
a c i t y  and a n  inc rease  i n  i n t e r n a l  r e s i s t a n c e  w a s  observed i n  a l l  ce l l s .  
I n  order  t o  determine the cause f o r  t h i s  abnormal behavior ,  an  un- 
s t e r i l i z e d  e l e c t r o d e ,  and one t h a t  had been exposed t o  the  h e a t  s te r i l i -  
z a t i o n  whi le  i n  the  discharged s ta te  i n  t h e  c e l l  were sub jec t ed  t o  a n  
x-ray a n a l y s i s .  
speed of 2 O  per  minute.  Figure 3 shows t h e  d i f f r a c t i o n  p a t t e r n  of t h e  
u n s t e r i l i z e d  p l a t e  whi le  Figure 4 shows the d i f f r a c t i o n  p a t t e r n  of the  
s t e r i l i z e d  p l a t e .  The r e s u l t s  show t h a t  t h e  r a t i o  of n i c k e l  hydroxide 
peaks, compared t o  the  n i c k e l  peaks are much h ighe r  f o r  t he  s t e r i l i z e d  
p l a t e  t han  the  u n s t e r i l i z e d  p l a t e .  One p o s s i b l e  exp lana t ion  is  t h a t  
t h e  hea t  s t e r i l i z a t i o n  rou t ine  and t e s t i n g  allowed t h e  n i c k e l  hydroxide 
t o  r e c r y s t a l l i z e .  This  r e s u l t s  i n  making some of the  n i c k e l  hydroxide 
less a v a i l a b l e  f o r  e lectr ical  u t i l i z a t i o n  because t h e  cen te r s  of t6e 
c r y s t a l s  are n o t  i n t i m a t e l y  i n  con tac t  w i t h  t h e  n i c k e l  s i tes  which a c t  
as c u r r e n t  c o l l e c t o r s .  Secondly, a l a y e r  of t h e  material on the  s u r f a c e  
of the  p l a t e s  l eads  t o  p a r t i a l  p a s s i v a t i o n .  
The p l a t e s  were scanned from 10' t o  80' a t  a c h a r t  
. Modi ASbestos Sepa ra to r '  
W e  have found t h a t  it is p o s s i b l e  t o  treat  t h e  a sbes tos  wi th  a s u i t -  
a b l e  b inder  s o  t h a t  it r e t a i n s  its phys ica l  i n t e g r i t y  f o r  a much longer  
per iod  of t i m e  i n  b o i l i n g  34% potassium hydroxide.  A sample of 10 m i l  
f u e l  c e l l  a sbes tos  board,  and a sample of the same material  which was 
hydroxide.  The sample of s tandard  a sbes tos  showed cons iderable  d i s i n t e -  
g r a t i o n  a f t e r  t h r e e  minutes of b o i l i n g .  The sample of modified asbes tos  
w a s  b o i l e d  f o r  50 minutes without  any phys ica l  d i s i n t e g r a t i o n .  Because 
of t h i s  f i nd ing ,  a d d i t i o n a l  work w a s  i n i t i a t e d .  A t h r e e  p l a t e  flooded 
c e l l  w a s  made having one p o s i t i v e  and two nega t ive  e l e c t r o d e s .  Pressure  
w a s  maintained on the  pack by l u c i t e  p l a t e s ,  and 34% potassium hydroxide 
was employed as e l e c t r o l y t e .  Four charges and d ischarges  were conducted. 
The d a t a  on Table X V I  i n d i c a t e  t h a t  no loss of capac i ty  is observed, bu t  
s l i g h t l y  lower p l a t eau  vol tage  are obta ined .  
.modif ied,  were placed i n  ind iv idua l  beakers  of b o i l i n g  34% potassium 
I 
S eve ra l  ce l l s  us ing  VO-6HS components were made employing t h i s  sepa- 
r a t o r .  
XVII. The r e s u l t s  show t h a t  the  ce l l  can ope ra t e  s e a l e d  and g ive  u s e f u l  
capac i ty .  The s e p a r a t o r  t h a t  w a s  employed is t h i c k e r  than  normally used 
and may be a s i g n i f i c a n t  c o n t r i b u t i n g  f a c t o r  t o  t h e  40 m o h  i nc rease  i n  
i n t e r n a l  res is tance  . 
The -cells were charged a t  C / 1 0  f o r  14 hours followed by a d i s -  




1. Two polypropylene and one polypropylene-nylon s e p a r a t o r  w a s  
found t o  have e x c e l l e n t  thermal s t a b i l i t y .  
i n t o  ce l l s ,  t he  nominal capac i ty  is obta ined  and the c e l l  w i l l  
ope ra t e  i n  a s e a l e d  condi t ion.  
When incorpora ted  
t 
2. A commercial a sbes tos  has been found t h a t  can wi ths tand  t h e  
s t e r i l i z a t i o n  rou t ine .  When incorpora ted  i n t o  c e l l s ,  t he  nom- 
i n a l  capac i ty  is m e t  and the  c e l l  is a b l e  tp ope ra t e  i n  a s e a l e d  
condi t ion .  
A process  has been developed' where va r ious  a sbes tos  materials 
can be modified so  t h a t  i t  i s  more r e s i s t a n t  a t  e l eva ted  tempera- 
t u r e s  i n  a 34% potassium hydroxide s o l u t i o n .  
3. 
. 
4 .  A t  t h i s  time w e  do not  have enough information t o  j u s t i f y  t h e  
making a d e c i s i o n  as t o  the d i r e c t i o n  of  f u r t h e r  s tudy  (i.e. 
a sbes tos  o r  polypropylene s e p a r a t o r ) .  
5 .  When sub jec t ed  t o  the T e s t  Approval Procedure t h e  modified 
a sbes tos  c e l l s  develop a high e l e c t r i c a l  r e s i s t a n c e  which is 
evidenced as lowered vo l t ages  on d ischarge  and increased  v o l t -  
ages  on charge.  . 
6. The increased  i n t e r n a l  r e s i s t a n c e  w a s  found t o  be caused by t h e  
p o s i t i v e  e l e c t r o d e .  
7. When sub jec t ed  t o  the  Test Approval Procedure; t he  hydrogen f r e e  
capac i ty  of t he  nega t ive  e l e c t r o d e  is reduced no t  pe rmi t t i ng  
ex tehs ive  overcharge of the ce l l .  , 
8. When p o s i t i v e  e l e c t r o d e s ,  similar t o  those  used i n  t h e  s e a l e d  
c e l l s ,  were sub jec t ed  t o  the  T e s t  Approval Procedure and then  
x-rayed, t he  d i f f r a c t i o n  p a t t e r n  showed t h a t  t he  n i c k e l  hydrox- 
ide  r e c r y s t a l l i z e d  i n t o  a more defiined c r y s t a l  a , 
t h e  s u r f a c e  of t h e  
The ce l l s  could n o t  be maintained i n  a charged s ta te  a t  145OC 
w i t h  a charge rate of 250 m a  dur ing  the  37 hours a t  t h a t  temp- 
e r a t u r e .  
9.  
10. Af t e r  charging t h e  c e l l s  i n  t h e  oven, t h e  capac i ty  l o s t  can be 
reclaimed b u t  no t  without  t h e  gene ra t ion  of hydrogen, even a t  




TABLE: I. SEPARATOR MATERIALS AND SUPPLIER 
MATERIAL 




Non-Woven Nylon 2505 ML 
Asbestos Paper 
Aluminum Oxide Paper 970 AH 
Spec ia l  F i l t e r  Paper 
Fuel  C e l l  Asbestos Board (10 M i l }  
Fue l  C e l l  Asbestos Board (15 m i l )  
High Temperature Nylon 












DU PONT , 
RAYBESTOS MANHATTAN 
Type 7401 Asbestos RAYBESTOS MANHATTAN 
14. 
4ATERIAL 
isbes  t o s  
: loth 
rype 7410 








Nylon BM 124.3 
Non-Woven 




Paper 970 tw 
S p e c i a l  F i k r  
Paper 
TABLE I1 
RESULTS OF SEPARATOR SCREENING TESTS 
lonc . Lc 
1 
84% I z 
.5% I 1 
2 
34% l 1  
I 2  












Fuel  C e l l  
Asbestos 
Board (10 m i l )  
Fue l  C e l l  
As be s t os 
Board (15 m i l ) '  
High Temperature 
y lon  ( N O W )  /6 
sbes  t o s  
Asbestos 
Type 7401 
TABLE I1 (CONTINUED) 
RESULTS OF SEPARATOR SCREENING TESTS 
Limits of Accuracy f o r  Asbestos Cloth:  L i m i t s  of Accuracy f o r  a l l  o t h e r  Samples: 
Length -f-o. 05% Length @*lo / .  
Width S * 2 %  Width ?p.2% 
T h i c  kne s s 3.1% Th i c  kne s s *l% 
I 
- 
Weight *o .Ol% Weight $ L O l %  
* D i r e c t i o n  of Ro l l  
16. 
TABLE I11 




MATERIAL KOH SAMPLE LENGTH WIDT 
Cone . % Av . % 
CHANGE % CHANGE 
Polypropylene 34% 1 -0.2 -0 .4  
-0.2 
(SM9 1) 2 -0 .2  3-0.9 
Polypropylene 34% 1 -0 .3 30 .9  
- 1 . 2  
(EM4 7 6) 2 - 2 . 1  -0 .4  
Polypropylene- 34% 1 -0 .3 -0.4 
Nylon -0 .3  
(SM124.3) 2 -0 .3  0 .0  
TABLE IV 
T HIC KNE.S S WEIGHT 
Av . % Av. 1 % AV . 
% CHANGE % CHANGE % 
-5 .0  30.4 




M.3 +2.5 30.7 
3-2.1 3-0.6 
+3.9 3-0.2 
-0 .2  +3.4 -0.1 
+2.8 -0.4 
I 
_ _  EFFECT OF THE SECOND STERILIZATION ROUTINE 
- ON THE ASBESTOS SEPARATORS 
IType 7401  34% 1 +. 15 -0.4 -3.7 -1.8 
2 +. 10 0.0 -6.5 .-2.4 
+0.1 -0.2 - 5 . 1  -2.1 
L i m i t s  of accuracy on l eng th  
L i m i t s  of accuracy on wid th  
30.1% - 
9 . 2 %  
L i m i t s  of accuracy on th i ckness  +1% - 
L i m i t s  of accuracy on weight  j$.Ol% 
17 
TABLE V 
SECOND CHARGE AND DISCHARGE OF CELLS WITH THE POLYPROPYLENE 
AM) POLYPROPYLENE-NYLON SEPARATORS 
























Po lypropy lene EM4 7 6 
Po l y  p r  opy l e n e  EM47 6 
Polypropylene SM124.2 
Polypropylene SM124.3 
Polypropylene EM124. C 
Polypropylene SM124.C 
















END OF CHARGE 
VOLTAGE 
1.46 v o l t s  
1.44 v o l t s  
1.44 v o l t s  
1.50 v o l t s  
1.49 v o l t s  
1.49 v o l t s  
1.45 v o l t s  
1.45 v o l t s  
1.44 v o l t s  
1.49 v o l t s  
/ 
1.47 v o l t s  
1.43 v o l t s  
1.47 v o l t s  
1.44 v o l t s  
































Charge C/10 f o r  19.5 hours  
Discharge C/2 (3.0 amps) t o  1.0 v o l t s  
'. 
SEPARATOR SYSTEM 
TABLE V I  
- 
CAPACITIES OF CELLS PRIOR TO INSERTION I N - T H E  STERILIZING CHAMBER 
NO. OF CELLS 
PER GROUP CELL GROUP F 
SM9 1 Polypropy l ene  
EM476 Polypropylene 
SM124.3 Polypropylene-Nylon 












* Discharge ra te  3.0 amp. 




EM47 6 Polypropylene 
SM124.3 Polypropylene-Nylon 
T D L E  V I 1  
I 













Cont ro l*  
I 





S:M124 .3  
Polypropylene 
EM4 7 6 
Polypropylene 
SM9 1 
TABLE I X  
CELL PRESSURES DURING STERILIZATION OF C W G E D  CELLS 
AND CAPACITY AFTER STERILIZATION 
PERCENT CHANGE COMPARED TO CONTROL  CELL^ 
P r i o r - T o  A f t e r  1st A f t e r  2nd A f t e r  3rd Voltage Actual* 
S t e r i l .  S ter i l .  S t e r i l .  S t e r i l .  D i f f .  Cap. 
\ 
0% 34.5% -2.8% -14.6% -40 mv 5.85AH 
+2.3% -I-5.2% -0.8% -0.8% -40 mv 5.16AH 





















* A t  end of 37 hour per iod .  Charging ra te  250 mA for l a s t ' 3 0  hours.  
Jck Sealed c e l l  ca se  conta in ing  only  15 cc of 34% KOH. 












CAPACITIES OF FLOODED FIVE-PLATE CELLS WITH 

















* Discharge R a t e  0.75 A, Charge R a t e  140 mA 
23 
I I '  
m o  
h r n  
m a  



























































0 0 0  
4 m  

















TABLE X I 1 1  
CHARACTERISTICS OF CELLS WITH TYPE 7301 ASBESTOS SEPARATOR 
i .  AFTER THE THIRD STERILIZATION __ _: 
HIS TORY 
S t e r i l i z e d  
S t e r i l i z e d  
S t e r i l i z e d  
Control  
C o n t r o l  
HRS OF CHARGE 
PRES SURE 







C h a r g e  R a t e  600 m a  
D i s c h a r g e  R a t e  3.0 a m p s  
180 p s i a  
190 
9.5 










ND OF D I S -  
HARGE PRESSURE 






CONSTRUCTION OUTLINE FOR CELLS 


















LYTE FROM LYTE PROM 
POS. NEG. SEPARATOR* POSITIVE NEGATIVE 
X 
X 
* Separator type 7301 Asbestos. T h i s  separator is pre-sterilized before use. 
26. 
TABLE XV 
CHARACTERISTICS OF CELLS W I T H  





3 1 . 1 9  
AVERAGE END OF AVERAGE AVERAGE RESIDUAL AVERAGE END OF AVERAGE 
CHARGE PRESSURE CAPACITY PRESSURE AFTER CHARGE PRESSURE FINAL 
GROUP AFTER 1 6  HOURS DISCHARGE AFTER 14 HOURS CAPACITY 
1 88 p s i a  6.59AH 2 4  p s i a  , 51 p s i a  6.69AH 






TABLE X V I  
CELL VOLTAGE AND CAPACITIES OF THREE PLATE, FLOODED CELLS 
CONTAINING MODIFIED ASBESTOS SEPARATORS 
Charge 1 t o  3 Rate 6 0  ma 
Charge 4 
D i sc harg e 
Rate 6 0  ma for 17.7  hours then  9 0  ma  
Rate 333 ma t o  1.OV 
* Voltage taken  a f t e r  6 0  minutes. 
I. 
2 7 .  
TABLEWII , I 
E m  OF CHARGE PRESSUKr; 
17 psia 
CHARGE AND DISCHARGE OF CELLS 
WITH THE MODIFIED ASBESTOS SEPARATOR 
AVERAGE CAPACITY 
5.08 AH , 
Charge Rate C/10 600,"pa f ours. 
Discharge Rate 3.0 amps to 1.0 volts. 
I. 
28. 
TABLE X V I I I  
S b W Y  
-~ 
NO .OF 
SEPARATOR TYPE CELLS REMARKS 
ASBESTOS TYPE 7410 10 ' 'Poor  capac i ty  before  s tezl ' i l iza-  
t i o n .  Discontinued 
i n v e s t i g a t i o n .  
POLYPROPYLENE SM9 1 10 Good capac i ty  before  and 
a f t e r  s t e r i l i z a t i o n .  
POLYPROPYLENE EM476 ' 10 Had t o  reduce charging t ime 
POLYPROPYLENE-NYLON SM124.3 9 prevent  h igh  p res su res .  
a f t e r  s t e r i l i z a t i o n  t o  
ASBESTOS TYPE 7301 25 Good capac i ty  before  and 
a f t e r  s t e r i l i z a t i o n .  
Had t o  reduce charge t ime 
a f t e r  s t e r i l i z a t i o n  t o  
prevent  high p res su res .  
M O D I F I E D  ASBESTOS 8 Good capac i ty  be fo re  and 
a f t e r  s t e r i l i z a t i o n .  Had 
t o  reduce charging t ime 
29. 
